One mechanism by which biochar application enhances soil nutrient availability is through direct nutrients release from biochar. However, factors controlling the release processes are poorly understood. In this study, the effects of pH, biochar to water ratio, temperature, ionic strength, and equilibration time on the release of PO 4 3À , NO 3 À , and Mg 2þ were co-solubilized with increasing soil acidity. To a lesser extent, the recovery of the nutrients was also affected by the ratio of biochar to water: more nutrients were soluble with more water supply. In contrast, the release of Na was not affected by pH while the concentration increased with decreasing biochar to water ratio. Meanwhile, other factors (temperature, ionic strength, and equilibration time) had less effect on nutrient release from biochar. Under the influence of pH, the patterns of NO 3 À and PO 4 3À release from biochar were different: extractable NO 3 À concentration was not affected by the pH but more PO 4 3À was released in strongly acidic conditions.
One mechanism by which biochar application enhances soil nutrient availability is through direct nutrients release from biochar. However, factors controlling the release processes are poorly understood. In this study, the effects of pH, biochar to water ratio, temperature, ionic strength, and equilibration time on the release of PO 4 3À , NO 3 À , and Mg 2þ were co-solubilized with increasing soil acidity. To a lesser extent, the recovery of the nutrients was also affected by the ratio of biochar to water: more nutrients were soluble with more water supply. In contrast, the release of Na was not affected by pH while the concentration increased with decreasing biochar to water ratio. Meanwhile, other factors (temperature, ionic strength, and equilibration time) had less effect on nutrient release from biochar. Under the influence of pH, the patterns of NO 3 À and PO 4 3À release from biochar were different: extractable NO 3 À concentration was not affected by the pH but more PO 4 3À was released in strongly acidic conditions.
Our data suggested that P was mainly retained in inorganic forms while N was in organic forms in biochar. We conclude that environmental factors have marked influences on nutrients release from biochar.
Introduction
In recent years, biochar production, focused on agricultural residues, has gained increasing interest [1] [2] [3] . Biochar is a recalcitrant organic compound and better environmental improvement additive, created when biomass (feedstock) is heated to temperatures between 300 and 10008C under low oxygen concentrations [4] [5] [6] . Previous studies demonstrated that the application of biochar to soils could sequester carbon [7] [8] [9] and reduce soil emissions of greenhouse gases (e.g., NO x and CH 4 ) [10] . Some calculations suggested that a 250-ha farm could sequester approximately 1900 tons of CO 2 per year in the form of biochar applications [11] [12] [13] . Rondon et al. (2005) reported a 50% reduction in N 2 O emissions from soybean plots and almost complete suppression of CH 4 emissions from biochar amended acidic soils in Eastern Colombian Plains [13] [14] [15] .
In addition to benefits of biochar application on carbon sequestration and reduction of greenhouse gas emissions, biochar application has been shown to improve crop productivity by increasing nutrients availability and reducing nutrients loss. Increases in crop productivity were observed when biochar was applied concurrently with inorganic fertilizer as compared to applying inorganic fertilizer alone, as well as when biochar was applied to the soil without any fertilizer addition [16] . For example, grain and biomass yield of maize was found to increase by 91 and 44%, respectively, on soils with charcoal compared to adjacent field soils [17, 18] . Possible mechanisms for such yield improvement included stimulation of beneficial microbes such as mycorrhizal fungi [19, 20] in soils, neutralization of acidic soil pH [21, 22] , increased water holding capacity [23, 24] , and improved retention of soil nutrients [25] . Increases in soil pH have been found on active or historical charcoal-making areas in Ghana, Mexico, and Pennsylvania [26] [27] [28] .
Apart from indirect mechanisms, the direct effect of biochar, such as the release of nutrients from biochar into soils, can also affect crop productivity. Nutrients released from biochar are important because biochar contain large amounts of nutrients. Wu et al. (2011) showed that biochar contained macro-and micronutrients required for plant growth [29] . Nutrient retention in biochar and the nutrient leach ability may be closely related to the properties of biochar, which may be affected by the conditions used for biochar production such as temperature during pyrolysis [29] or the type of feedstock used for biochar making [30] . However, little is known about factors controlling and managing nutrients release from biochar [31] . Therefore, the objective of this study was to investigate the impact of pH, water to biochar ratio, temperature, ionic strength, and equilibration time on nutrients release from biochar.
Materials and methods

Biochar
The biochar was produced from wheat straw by pyrolysis at 350-5508C. The biochar had C and N contents of 46.7 and 0.59%, respectively, an ash content of 20.8%, and a pH (H 2 O) of 9.6. With respect to elemental content, the biochar contained 1% Ca, 0.6% Mg, 0.4% Fe, 2.6% K, and 0.3% P [13, 14] . For this study, the biochar was ground to pass through a 2-mm sieve, and mixed thoroughly. 
Analysis of PO
Statistical analysis
All statistical analyses were performed using SPSS 17.0. The effect of each factor on element release from biochar was tested by one-way ANOVA. The significance level was p < 0.05. Figure 1 . Effects of pH, temperature, ionic strength, the biochar/water ratio, and equilibration time on the release of P from biochar. Different letters indicate significant difference at p < 0.05.
Results and discussions
The release PO 4 3À from biochar
The pH and the ratio of biochar to water significantly affected the PO 4 3À release from biochar ( p < 0.01), while temperature, ionic strength, equilibration time showed less effects (Fig. 1) The pH and biochar to water ratio did not affect NO 3 À desorption from biochar, but more NH 4 þ was released in the strong acidic and with small biochar to water ratio extractions (Fig. 2) . Unlike the desoption of PO 4 3À from biochar, NO 3 À desorption was not sensitive to changes in pH although acidic condition may be more favorable for NH 4 þ release. In this study, almost half of the total-P was extracted with a strong acidic solution while the leachable N was only approximately 2.6% of the total N. The comparison indicated that the two nutrients were retained in different forms in biochar. The P may be mainly retained in the inorganic form while N was mainly retained in the organically bound form which were not easily leachable by the 0.01 M KCl solution, and may be associated with enzymes [29] .
3. 
Relationships between nutrients
There were positive correlations among the studied elements, except for NO 3 À and Na þ (Tab. 1). The PO 4 3À was positively related to
, and Mg 2þ ( p < 0.05, 0.01, 0.01, and 0.05, respectively), likely because those nutrients came from the same source or they were controlled by the same reaction such as the dissolution of sparingly soluable compounds. The linear regress equation for the relationship between Ca (y) and P (x) was y ¼ 12.3x þ 2797.6. The slope (k ¼ 12.
3) showed that the amount of Ca 2þ released from biochar was much greater than that of PO 4 3À , which indicated that apart from sparingly soluble Ca-P compounds, other Ca compounds (e.g., CaCO 3 ) had contributed to the release of Ca 2þ from the biochar.
Correlation analysis confirmed that P and N were retained in different forms in biochar [30, 31] .
Conclusions
We conclude that environmental factors have important impacts on the release of nutrients from biochar. Our data showed that the Figure 3 . Effects of pH, temperature, the biochar:water ratio, and equilibration time on the release of K, Ca, Na, Mg from biochar( Na; K; Ca; Mg). Different letters indicate significant difference for each parameter at p < 0.05. 
